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Abstract 
Because of the importance of rotifers as an adequate live food in larviculture, this study was 
conducted to evaluate probiotic potency of four microorganisms, Candida parapsilosis, 
Pseudoalteromonas flavipulchra, Lactobacillus sakei and Bacillus natto on suppression of 
Vibrio species and increasing population growth, enzymes activity and nutrients retention in 
the rotifer, Brachionus plicatilis. Four experimental and a control treatment, each with four 




 for each strain were applied. The results 
demonstrated that L. sakei and B. natto successfully suppressed Vibrio in experimental 
treatments and increased population growth and nutrients retention. The longevity of B. natto 
was recorded as the best in long-term inoculation than other treatments and the control in a 
way that after 8 days of rotifers starvation, the count of B. natto increased. The findings 
showed that the two bacteria, B. natto and L. sakei, appear to be a promising probiotic for 
rotifers in suppressing Vibrio and also in increasing population growth, nutrients retention, 
enzymes activity and long-term inoculation in rotifers. 
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Introduction 
Spread of Vibrio in mariculture farms 
showed the highest records in comparison 
with other areas of aquaculture like 
ornamental or freshwater fish farming. 
Massive contamination of aquatic animals 
with Vibrio spp. could be because of the 
high dependency of mariculture on live 
prey. Apart from all benefits of live food 
like proper size, high nutrients, 
availability, and other essential properties, 
it is a major carrier of bacteria, whether 
pathogenic or beneficial. The effects of 
live food enrichment, with different 
species and strains of microbes, on their 
growth rate, survival rate, and enzyme 
activity is studied (Jafaryan et al., 2011; 
Sahandi et al., 2013). Probiotics possess 
several essential properties, including 
efficient adherence to the intestinal 
epithelial cells to reduce or prevent the 
colonization of pathogens (Bomba et al., 
2002; Jafaryan et al., 2011), aggressive 
growth (Gomez-Gil et al., 1998; Mahious 
et al., 2006) and production of metabolites 
to inhibit or kill pathogens (Helland et al., 
1996, De-Schrijver and Ollevier, 2000; Yu 
et al., 2012). The efforts are carried out to 
promote strategies for microbial control 
(Jafaryan et al., 2014). Probiotic 
supplements have particular relevance for 
development of rearing technologies for 
larviculture purposes. Administration of 
probiotics aims to induce health benefits 
for the host organism with improvement of 
enzyme secretion (Waché et al., 2006; 
Sahandi et al., 2012). The use of probiotics 
for aquatic animals is gaining much 
attention in the scientific community 
considering their potential benefits, such 
as controlling disease, enhancing immune 
response, providing nutritional and 
enzymatic contributions to the digestion of 
the host, and improving water quality. 
Probiotics can be supplied directly through 
the feed to introduce live cells of 
probiotics to the host animal. Selection of 
probiotic bacteria is a critical aspect which 
must be considered for the application of 
them. 
Despite acceptance of probiotic bacteria’s 
benefits in aquaculture, many questions 
remain unanswered, such as the effect of 
probiotics on pathogenic bacteria and 
possibility of pathogens suppression. 
Intensive rotifer culture using continuous 
or periodic addition of selected bacteria is 
found to enhance growth and modify 
healthy microbiota of rotifers (Planas et 
al., 2004; Sahandi and Jafaryan, 2011). 
Live preys (rotifers and Artemia), with 
their non-selective feeding system, are 
essential carriers of contaminated 
substances into the larval digestive tract 
(Muroga et al., 1987; Sahandi et al., 2012; 
Ringo and Birkbeck, 1999), which 
significantly affect the microbiota of the 
larvae and, in many cases, is responsible 
for significant mortality rates (Muroga et 
al., 1987). Rotifers (Brachionus spp.) are 
used as live food in feeding marine fish 
larvae for over 30 years (Yúfera, 2001). 
Today, more than 78 marine species 
require adequate and reliable production of 
high-quality, nutritious rotifers. The 
success of rotifers mass culture is 
determined not only by reproduction rate 
and density but also by their nutritional 
composition and their associated 
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2001; Sahandi et al., 2019). Brachionus 
plicatilis is the most cultured rotifer 
species in mariculture hatcheries. 
Similarly, the microalgae Nannochloropsis 
oculata is a commonly-used species for 
rotifer cultivation because of its high 
material composition and small size. 
Considering the mentioned background 
and future needs, this study was designed 
and carried out to evaluate the effects of 
different bacteria and yeast strains on 
suppression of Vibrio species in rotifers. 
However, there was an interest in 
estimating the population growth, body 
composition, and digestive enzymes 
activity as well. 
 
Material and methods 
Microbial strains and culture condition 
Four microorganisms, including Candida 
parapsilosis, Pseudoalteromonas 
flavipulchra, Lactobacillus sakei, Bacillus 
natto were selected according to their 
suppressive ability towards Vibrio species 
(Sahandi et al., 2019). Suitable culture 
media were obtained based on the type of 
microorganisms including YPD for C. 
parapsilosis; TSB for B. natto; MRS for L. 
sakei and E2216 for P. flavipulchra. For 
culture of each strain, six test tubes were 
sterilized in an autoclave (Seisakusyo, 
Kagoshima-Japan) at 115˚C temperature 
for 30minutes and filled with proper 
culture medium. Then the test tubes with 
culture medium were inoculated with each 
strain under sterile condition. The bacteria 
and yeast were incubated in a rotary 
incubator (HDL, Model HZQ-F160, 
Shanghai-China) at 30°C overnight. 
 
Microalgae culture 
Microalgae (Nannochloropsis oculata) 
specimens were obtained from the College 
of Marine Life Science, (OUC, Qingdao, 
China), and were cultured using f/2 culture 
medium (Guillard, 1975). Culture was 
prepared with addition of 20 mL of algae 
into 70 mL
 
of autoclaved seawater, which 
was maintained in a series of conical flasks 
after Balachandar and Rajaram (2018). 
The prepared cultures were kept at 28˚C 
with 2000lux illumination and cultured 
until reaching the density of 10
4
cell/mL. 
Then the flask was replaced with a new 
culture for permanent access to fresh 
microalgae (Sahandi and Jafaryan, 2011). 
 
Rotifer culture  
Stock culture the rotifer, Brachionus 
plicatilis, was obtained from the Institute 
of Oceanography, Qingdao Agricultural 
University, (Qingdao, China). The first 
stock was kept in 1L flasks containing 
800mL of seawater with 31‰ salinity, 
28˚C temperature, 12:12 h light/dark cycle 
and permanent aeration. The primary 
inoculum of rotifer culture was 
50rotifers/mL, with an initial 15–20 
percent of ovigerous females. Rotifers 
were fed daily on microalgae 
(Nannochloropsis oculata) at a density of 
10
4
cell/mL (Sahandi et al., 2012). 
 
Experimental design  
Determination of loading of Vibrio in 
rotifers 
This experiment was conducted with four 
experimental treatments and one control 
(no addition of microbe) group, each with 
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CFU/mL of each strain was obtained and 
added into the rearing water at time zero 
and then after 5, 10, 15 and 20 hours of 
enrichment. Count of Vibrio species was 
estimated after Mahious et al. (2006). 
Proper samples were collected from each 
treatment, and biomass of collected 
rotifers was weighed, and then disinfected 
by benzalkonium chloride for 30 seconds 
to remove all the adhered microorganisms 
from the body surface. The disinfected 
samples were homogenized and serially 
diluted until 10
-7
 with autoclaved saline 
solution (0.9%, w/v) and from each 
dilution 100µL was spread on TCBS agar 
plates. The plates were incubated at 28˚C 
overnight, and the count of them was 
measured based on the colony-forming 
unit (CFU).  
 
Growth indices 
Population growth of each treatment was 
monitored every day to estimate the 
population changes. At the end of the trail, 
survival rate, rate of population increase 
expressed in days and rotifers generation 
time (g.t.) in days were calculated using 
the following equations: 
Survival rate: 
s = [(N0-Nt)/N0]*100  
(Felix and Sudharsan, 2004) 
 
Rate of population increase: 
r = (ln Nt – N0)/t (Krebs, 1985) 
Where r stands for rate of population 
increase; Nt stands for final count of 
rotifer; N0 stands for initial count of rotifer 
and t stands for time (day). 
Generation time in days:  
g.t. = t. ln (Nt / N0) (Krebs, 1985) 
Where g.t. stands for generation time; Nt 
stands for final count of rotifer; N0 stands 
for initial count of rotifer and t stands for 
time (day). 
 
Determination of digestive enzymes 
activity 
In order to study the effect of applied 
strains in rotifer digestive enzyme activity, 
proper sampling was conducted at the end 
of the trail (seven days). The collected 
samples from each treatment (four 
replicates) were pooled, and then weighted 
and used for estimation of enzyme activity. 
Each weighted sample was homogenized 
at 4°C in sterile saline solution (8.5g/L) 
with a hand-held glass homogenizer which 
was placed in ice-bath. The suspension 
was then centrifuged with a refrigerated 
centrifuge (Eppendorf AG 22331, 
Hamburg, Germany) at 5000g for 20min at 
4°C. The obtained supernatant was 
removed to assay the digestive enzymes 
activity. Protease activity was determined 
after Anson (1938), amylase activity was 
measured after Bernfeld (1955) and lipase 
activity was determined after Ota and 
Yamada (1966).  
 
Determination of chemical composition of 
rotifers 
Chemical composition determination of 
rotifers was performed after the feeding 
trial. The samples from each treatment 
were pooled. Moisture content was 
determined by weight loss after being 
freeze-dried. Crude protein content was 
calculated from the total nitrogen content, 
as described in AOAC (2005). Crude lipid 
content was measured in dry samples by 
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hexane (Randall 1974), adapted for the 
Soxtec automatic system. Crude ash 
content was determined by further heating 




metric analyzer at 600°C to constant 
weight for 8 hours. Carbohydrate content 
was calculated by the differences between 
dry weight and sum of crude protein, lipid, 
and ash contents as described by Kibria et 
al. (1999). 
 
Determination of microbial longevity in 
rotifers 
Sufficient count of rotifers from each 
replicate was randomly collected and 
transferred to the sterilized beakers which 
were filled with 100mL
 
of autoclaved 
seawater (121˚C, 15psi, and 30min). The 
rotifers were starved for 8 days. Microbial 
composition of different treatments was 
estimated after two, four, and eight days of 
starvation of rotifers. Rotifers were filtered 
with 70µm mesh and washed with 
autoclaved distilled water. Then weighted 
and homogenized using a glass 
homogenizer (LeaMaster et al., 1990) and 
plated after Mahious et al. (2006). 
 
Fluorescent labeling of microbial strains 
For finding out the form of probiotics 
accumulation in rotifers, the selected 
strains, including P. flavipulchra, L. sakei, 
B. natto, and C. parapsilosis, were labeled 
by DNA fluorescent stains (Bisbenzimide 
Hoechst 33342; Sigma-Aldrich, 
Darmstadt-Germany). The labeling 
procedure was carried out after Sahandi et 
al. (2019). Then the total count of 50 
individuals of rotifers was transferred into 
the culturing cells with a capacity of 15mL 
each with three replicates. The labeled 
bacteria and yeast strains were added into 
each cell with a concentration of 
10
8
CFU/mL, and the rotifers were 
enriched for 3 hours. During the three 
hours of this test, different samples were 
randomly obtained. The samples were then 
prepared, one after another, and placed on 
the stage of fluorescence microscope with 
the upright position, and several 
micrographs were taken by using 
fluorescent light (Echo, San Diego, USA; 
x40). 
 
Statistical analyses  
Data was analyzed as a completely 
randomized design using the SPSS 
software version 21. One way ANOVA 
was performed. Tukey’s multiple range 
tests were used to identify significant 
differences among treatments (p<0.05).  
 
Result 
The effect of selected beneficial strains on 
suppression of Vibrio species in rotifers 
was analyzed by plating, and the results 
are presented in Table 1. The results 
confirmed that the enriching time is a valid 
parameter on decrease or increase of 
Vibrio species, and each strain has its 
potential for long-term inoculation. The 
results showed that using selected strains 
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Table 1: Mean value (±SE) of Vibrio count in rotifer, Brachionus plicatilis which was enriched with 
different bacteria and yeasts over different times after hatching without benzalkonium chloride, 
Different letters in the same column indicate significant differences (p<0.05), the lowest score 
express the lowest loading rate of Vibrio on rotifer, Brachionus plicatilis. 
 
Rotifers Brachionus plicatilis fed on 
different strains were evaluated separately 
in order to calculate mean population 
growth (Table 2). The results 
demonstrated that there were significant 
differences among the treatments (p<0.05). 
Rotifers that fed on L. sakei (120.9±6.22 
individual/mL) and B. natto (122.14±6.68 
individual/mL) showed maximum 
population growth. The results of daily 
counting of the population are shown in 
figure 1, which demonstrate greater 
population growth in the treatments that 
fed on L. sakei and B. natto. 
     In Table 3, the results related to the 
enzymes activity assay are presented. 
These results showed a significant increase 
in all experimental treatments in 
comparison with the control (p<0.05). The 
highest rate of amylase (1.37±0.12 U/mg 
protein min), lipase (0.92±0.02 U/mg 
protein min) and protease (1.76±0.42 
U/mg protein min) were recorded in the 
treatment that fed on B. natto. In lipase 
activity, no significant difference was 
observed between B. natto and P. 
flavipulchra (p>0.05). Also in protease 
activity, B. natto was close to L. sakei and 
C. parapsilosis, and no significant 
difference was observed between these 
three treatments. The lowest lipase activity 
was recorded in the treatment that fed on 
C. parapsilosis, which was even lower 
than the control (p<0.05).
 
Table 2: Mean value (±SE) of population indices of Brachionus plicatilis which were fed on different 
bacteria and yeasts. Different letters in the same column indicate significant differences (p<0.05). 
PIR refers to population increase rate (per day); GIR refers to generation increase rate (per day). 
 Mean population PIR GIR 
Control 87±2.78b 6.9±0.99d 4.7±0.48c 
C. parapsilosis 124.14±3.54a 12.76±1.45c 7.13±0.5b 
P. flavipulchra 52.61±2.69
c -3.52±0.26e -4.79±0.49d 
L. sakei 120.9±3.59a 34.19±1.23a 12.28±0.21a 
B. natto 122.14±3.86a 26.61±2.92b 10.81±0.61a 
 10
7
 CFU/g rotifer 
5 hours 10 hours 15 hours 20 hours 
Control 12.13±0.38d 12.64±0.32d 12.2±0.55d 14.09±0.32d 
C. parapsilosis 8.08±0.08c 7.54±0.27c 6.57±0.22c 6.53±0.39c 
P. flavipulchra 1.60±0.2
a 1.13±0.23a 0.42±0.23a 0.23±0.04a 
L. sakei 0.94±0.16a 0.73±0.09a 0.48±0.08a 0.38±0.01a 
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Figure 1: Population changes of rotifers fed on different bacteria and yeast over seven days. Data 
expressed as mean ± SD (n=12). 
 
Table 3:Enzymes activity of Brachionus plicatilis fed on different microbial strains. Different letters in the 
same column indicate significant differences (p<0.05). 
Enzymes activity (U/mg protein min) 
 α amylase  Lipase  Protease  
Control 0.42±0.03b 0.54±0.09b 0.46±0.03d 
C. parapsilosis 0.59±0.01b 0.34±0.03c 0.81±0.02b 
P. flavipulchra 0.66±0.02b 0.87±0.04a 0.60±0.02c 
L. sakei 0.69±0.02b 0.59b 1.09±0.10ab 
B. natto 1.37±0.12a 0.92±0.02a 1.76±0.42a 
The nutritional quality of Brachionus 
plicatilis biomass produced under 
laboratory condition showed significant 
differences in biochemical characteristics. 
The results presented in Table 4 show 
significant differences between treatments 
and the control. The highest crude protein 
belonged to all four treatments that fed on 
different beneficial microorganisms 
(p<0.05). The highest lipid was observed 
in treatment that fed on B. natto 
(11.89±0.05%), and the lowest belonged to 
C. parapsilosis (9.93±0.02%) and L. sakei 
(9.61±0.13%). Bacterium P. flavipulchra 
caused the highest carbohydrate and ash 
percentage (p<0.05). The highest 
percentage of moisture was recorded in the 
treatment fed on B. natto and control 
treatment. 
Microbial longevity was evaluated to find 
out the count of applied strains after 2, 4, 
and 8 days of enrichment. The results, 
shown in figure 2, demonstrated that 
except B. natto the rest of the strains 
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Table 4: Chemical composition of Brachionus plicatilis enriched with different microorganisms. Different 
letters in the same column indicate significant differences (p<0.05). 
 Body composition (%) 
 Protein Lipid Carbohydrate Ash Moisture 
Control 44.67 ± 0.22b 10.76 ± 0.14b 13.66 ± 0.13d 20.59 ±0.06a 87.8 ± 0.15a 
C. parapsilosis 48.56 ± 0.28a 9.93 ± 0.02c 17.56 ± 0.17b 18.79 ± 0.09b 70c   
P. flavipulchra 49.03 ± 0.51a 10.79b 19.35 ± 0.23a 19.9 ±0.23ab 70.1 ± 0.23c 
L. sakei 50.7 ± 0.12a 9.61 ±0.13c 15.16 ± 0.31c 20.38 ± 0.23a 86a  
B. natto 49.83 ± 0.03a 11.89 ±0.05a 14.68 ±0.1cd 18.64 ± 0.2b 81.56 ± 0.38b 
 
 
Figure 2: Different bacterial and yeast strains longevity in Brachionus plicatilis over 8 days. Values 
expressed in mean ± SD. 
 
Microbial labeling with blue fluorescent 
stain showed a high latent inoculation of 
applied probiotics in rotifers over three 
hours of enrichment (Fig. 3). The results 
demonstrated that beside microbial 
ingestion the adhesion of applied bacteria 
and yeast was observed as well, which 
adhered to the lorica of rotifers. 
Micrographs also confirmed microbial 
ingestion by rotifers in a way that labeled 
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Figure 3: Different bacterial and yeast strains inoculation forms in Brachionus plicatilis over 3 hours of 
enrichment. The blue colour parts refer to the accumulation of labeled microbes in rotifers. 
 
Discussion 
The results of the present study showed 
that all the applied strains significantly 
suppressed the count of Vibrio spp. 
Susceptibility test of the used strains was 
the primary step for finding the beneficial 
strains to suppress the Vibrio that was 
carried out and reported before (Sahandi et 
al., 2019). Application of selected strains 
in enrichment of rotifers was the next 
purpose that followed in this study. This 
study focused on finding the best strain 
which besides suppression of Vibrio, 
improves population growth as well as 
retention of nutrients in the rotifers body. 
The three strains, including P. 
flavipulchra, B. natto, and L. sakei, 
significantly reduced the count of Vibrio 
species over 20 hours after inoculation 
time. Between these three strains, the 
lowest count of Vibrio was observed in the 
treatment enriched with P. flavipulchra 
(0.23±0.04×10
7
CFU/g). Other two strains 
including, L. sakei (0.38±0.01×10
7
CFU/g) 
and B. natto (1.71±0.14×10
7
CFU/g), 
significantly reduced the count of Vibrio 
which was ingested by rotifers when 
compared with C. parapsilosis 
(6.53±0.39×10
7
CFU/g) and the control 
(14.09±0.32×10
7
CFU/g). The bacterial and 
yeast strains which were used in this study, 
successfully inhibited four pathogenic 
Vibrio including, Vibrio anguillarum, V. 
campbellii, V. harveyi, V. 
parahaemolyticus, in a susceptibility test 
(Sahandi et al., 2019). The fluorescent 
labeling and microscopy of these bacteria 
and yeast showed that the rotifers 
successfully ingested all the four strains 
which were accumulated in jaws, stomach, 
and gastric glands (Figure 3). Yu et al. 




































3027 Sahandi et al., Possible effects of probiotic strains on suppression of Vibrio and enhancement of … 
latent secreting antibacterial compounds 
which could inhibit Vibrio spp. There are 
other reports such as Chen et al. (2016) 
and Georgieva et al. (2015), which showed 
antibiotic activity of Bacillus and 
Lactobacillus against different Vibrio 
species. For this investigation, 
benzalkonium chloride solution was used 
to disinfect the outer side of rotifers, so the 
achieved results were related to the 
ingested Vibrio species by rotifers 
(p<0.05). The great inoculation of 
probiotics in live food refers to well 
ingestion and adhesion. These two 
conditions are supplements of each other 
to cause a proper result. Maximum 
interaction between pathogenic and 
probiotic strains is happening inside of the 
digestive tract. However, fluorescent 
microscopy showed that applied strains, 
beside sufficient ingestion, could adhere to 
the lorica, eggs, and tail of rotifers. 
Moriarty (1998) reported that bacteria 
could produce antibiotic compounds to 
compete for nutrients and sites. Sufficient 
suppression of Vibrio by L. sakei, P. 
flavipulchra and B. natto could be because 
of successful adhesion of these bacteria in 
epithelial cells of the digestive tract and 
successful forming of biofilm which 
suppress the loading of Vibrio. How the 
applied bacteria suppress Vibrio needs to 
be considered. The suppression caused by 
P. flavipulchra might be because of 
antimicrobial and antagonist components 
secreted by this strain. Bacillus species 
secreting extracellular enzymes (Jafaryan 
et al., 2011; Sahandi et al., 2012) and 
Lactobacillus by secretion of organic acids 
(Farzanfar, 2006) might suppress Vibrio 
species.  
Rotifers are among the most widely used 
aquaculture live food because they are 
convenient to use and are readily available 
(Dhert et al., 2001; Sahandi and Jafaryan, 
2011). Culture of rotifers is entirely 
different from that of Artemia. Artemia 
may be produced by use of cysts, which is 
so easy to reach to high concentrations, 
just in 24 hours. However, in rotifers, this 
is a little bit different. For the culture of 
rotifers, usually, the first stock is 
introduced into culture tanks or ponds and 
the rotifers are harvested by plankton net 
or by leading them as whole of the culture 
to the host organism tank. The primary 
source of pathogenic bacteria in 
mariculture is water supply. So inoculation 
of pathogenic bacteria such as Vibrio is 
unpreventable, however with use of 
beneficial bacteria it is possible to reduce 
pathogens and increase the nutritional 
quality of rotifers which is suggested by 
several researchers (Planas et al., 2004; 
Sahandi and Jafaryan, 2011; Sahandi et al., 
2012). Using beneficial bacteria in 
suppression of Vibrio does not necessarily 
increase yield, in contrast, may reduce the 
yield as well. This is because of the 
different effects that a bacterium may have 
on the host organism. So one must 
consider all aspects of probiotics effects on 
the host organism, not just a single 
purpose.  
     In the present study, the use of different 
strains caused significant growth in the 
population of rotifers when compared with 
the control over 7 days (p<0.05). The 
results demonstrated that population of 
rotifers that fed on C. parapsilosis 
(124.14±6.14 rotifer/mL; r=12.79±2.51; 
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than others, but as it is presented in Table 
1 the use of this yeast strain caused the 
lowest suppression. This is clear that yeast 
contains nutrients that may provide proper 
conditions for microbial growth and 
consequently increase the count of bacteria 
in host organisms, whether pathogenic or 
probiotic (Jafaryan et al., 2011; Jafaryan et 
al., 2014). Besides, the fluorescent 
microscopy showed the presence of C. 
parapsilosis in stomach and jaws of 
rotifers, which approved the high ability of 
rotifers in taking the yeast cells (Fig. 3). 
Also using C. parapsilosis after day 5 
reduced the population of rotifers like 
what was reported by Sahandi and 
Jafaryan (2011) (Fig. 1). Tamaru et al. 
(1993) suggested using a combination of 
yeast and microalgae for increasing the 
growth rate of rotifers, and this was 
reported again by Sahandi and Jafaryan 
(2011). However, in the mentioned 
studies, count of pathogens in rotifers was 
not considered. Using B. natto 
(122.14±6.68 rotifer/mL; r=26.61±5.07; 
g.t=10.81±1.05) significantly increased the 
rotifers population growth (p<0.05, Table 
2). The graph of population growth which 
is presented in Figure 1 also showed the 
increase of population in rotifers that were 
cultured by addition of B. natto. In contrast 
the use of P. flavipulchra (52.61±4.66 
rotifer/mL; r=-3.52±.45; g.t=-4.79±0.86) 
reduced the growth of rotifers (Table 2; 
Fig. 1). Yu et al. (2012) reported that P. 
flavipulchra JG1 could synthesize various 
antimicrobial metabolites, including 
protein and small molecules. These 
antimicrobial components may affect 
rotifers and reduce their population.  
The enzymes activity in rotifers were 
increased in the treatment that fed on B. 
natto (p<0.05). Beneficial bacteria and 
yeast may cause this increase in amylase, 
lipase, and protease activity. Similar 
results were reported by De Schrijver and 
Ollevier (2000). Arellano-Carbajal and 
Olmos-Soto, (2002) reported that 
probiotics effectively participate in 
digestion due to the production of 
extracellular enzymes such as protease, 
lipase, and carbohydrases, which would 
end to the high growth rate in the host 
organism. The lowest enzymes activity 
was observed in control (p<0.05). 
However, the greatest performance of the 
enzyme’s activity was observed in the 
treatment fed on B. natto (Table 3). 
Extracellular enzymes secreted by Bacillus 
species might increase the enzymes 
activity in rotifers.  
    The use of different bacteria and yeast 
caused significant differences in enzymes 
activity of rotifers when compared with 
the control (p<0.05). The increase in 
enzymes activity would result in increased 
digestion, which would result in the 
utilization of more nutrients. In our study, 
the highest crude protein was observed in 
two treatments, L. sakei (50.7±0.1%), and 
B. natto (49.83±0.03%). But the highest 
crude fat was just recorded in B. natto 
(11.89±0.05%). This could be because of 
the secretion of different types of 
extracellular enzymes by Bacillus species. 
As it was mentioned before lipase activity 
(0.92±0.02 U/mg protein/min) in rotifers 
that fed on B. natto was higher than those 
of the other groups. Farzanfar (2006) 
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protein and carbohydrate; therefore; they 
can cause an increase of nutrient retention 
and increase the quality of body 
composition of the host organism. Wang 
and Xu (2006) suggested that addition of 
probiotics improve digestibility, which 
might, in turn, explain better growth 
performances. It is reported that bacteria 
with secreting protease can break down 
peptide bonds and form free amino acids 
(MacFarlane and Cummings, 1991). These 
amino acids are absorbed quickly and 
retained in the host organism’s body as 
protein. Probiotics can break down protein 
and carbohydrate (Sarem-Damerdjii et al., 
1995) therefore; they can increase nutrient 
retention and carcass chemical 
composition. Probiotics enhance the 
population of useful bacteria and influence 
the digestive process by improving 
intestinal microbiota, consequently 
improving digestibility and absorption of 
nutrients (Ghosh et al., 2002; Jafaryan et 
al., 2011).  
     Long-term inoculation of selected 
strains in rotifers was investigated over 8 
days. Successful inoculation after addition 
of beneficial bacteria and longevity of 
them in the digestive system is an 
important property which would ensure the 
success of probiotics in the digestive tract 
for a long time. The B. natto count started 
to increase after 8 days of starvation 
(p<0.05; Fig. 2). Successful long-term 
inoculation of Bacillus strains may happen 
due to their reproduction form. Bacillus 
strains multiply by production of spore. 
Therefore, probiotics enhanced the 
population of beneficial bacteria and 
influenced the digestive process by 
improving intestinal microbiota, 
consequently improving digestibility and 
absorption of nutrients (Bomba et al., 
2002). Long-term inoculation failure of 
other strains might have different reasons. 
Ghomi et al. (2010) reported that for 
successful inoculation of Lactobacillus 
species, they must be used permanently. 
This reason might be considered for C. 
parapsilosis and P. flavipulchra as well. 
    Increasing probiotics usage in 
aquaculture is an important issue 
worldwide. This is because of the different 
range of effects that may be caused by 
various bacteria or yeast species. Finding a 
single strain that could affect different 
areas such as reducing pathogens and 
increasing growth and yield is vital for the 
future of aquaculture. It is crucial to 
determine the aim (single or multiple) 
before any plan for the use of beneficial 
bacteria or yeast as probiotic. The results 
of this study confirmed the positive effect 
of B. natto and L. sakei on suppression of 
Vibrio, increased population growth, 
increased enzymes activity, and body 
composition in rotifers. However, the 
strain of B. natto was the only strain that 
showed long-term inoculation which must 
be considered. Successful inoculation of B. 
natto of sure would have economic 
benefits for farmers. Although still further 
studies are required for explaining the 
mechanism of these two strains' effects.  
 
Acknowledgments  
In the present study, Marine Bacterium 
strain was obtained from the lab of Prof. 
Zhang Xiao Huo, College of Marine Life 
Science, OUC; Bacillus was obtained from 
Wangfa Biology Co, Hebei, China; 




































Iranian Journal of Fisheries Sciences 19(6) 2020                                       3030 
 
Prof. Mou Hai Jin, College of Food 
Science and Engineering. The authors are 
grateful to each of them. This study is a 
part of a Ph.D. degree granted by NSFC-
Shandong joint fund for Marine Ecology 
and Environmental Sciences (No. 
U1606404) which is carried out at the 
Laboratory of Marine Ecology and 
Environmental Sciences, College of 




Anson, M.L., 1938. The estimation of 
pepsin, trypsin, papain and cathepsin 
with Hemoglobin. Journal of General 
Physiology, 22(1), 79-89. 
https://doi.org/10.1085/jgp.22.1.79. 
AOAC, 2005. Official method of 
Analysis. 18th Edition, Association of 
Official Analytical Chemists (AOAC), 
Washington DC, USA, Methods 935.14 
and 992.24. 
Arellano-Carbajal, F. and Olmos-Soto, 
J., 2002. Thermostable a-1,4- and a-
1,6-glucosidase enzymes from Bacillus 
sp. isolated from a marine environment. 




Balachandar, S. and Rajaram, R., 2018. 
Influence of different diets on the 
growth, survival, fecundity and 
proximate composition of brine shrimp 
Artemia franciscana (Kellog, 1906). 
Aquaculture Research, 50(2), 376-389. 
https://doi.org/10.1111/are.13882. 
Bernfeld, P., 1955. Amylase, α and β. In: 
Methods in Enzymology, Vol. 1. 
Colowick S.P., Kaplan N.O. (eds), 
Academic Press Inc, New York, USA, 
149-158. 
Bomba, A., Nemcoá, R., Gancarcíková, 
S., Herich, R., Guba, P. and 
Mudronová, D., 2002. Improvement of 
the probiotic effect of micro-organisms 
by their combination with 
maltodextrins, fructo-oligosaccharides 
and polyunsaturated fatty acids. British 
Journal of Nutrition, 88(1), 595-599. 
https://doi.org/10.1079/BJN2002634. 
Chen, Y., Li, J., Xiao, P., Zhu, W. and 
Mo, Z., 2016. The ability of marine 
Bacillus spp. isolated from fish 
gastrointestinal tract and culture pond 
sediment to inhibit growth of aquatic 
pathogenic bacteria. Iranian Journal 
Fisheries Science, 15(2), 701–714. 
http://jifro.ir/article-1-2724-en.html. 
De Schrijver, R. and Ollevier, F., 2000. 
Protein digestion in juvenile turbot 
(Scophthalmus maximus) and effects of 
dietary administration of Vibrio 
proteolyticus. Aquaculture, 186(1-2), 
107-116.https://doi.org/10.1016/S0044-
8486(99)00372-5. 
Dhert, P., Rombaut, G., Suantika, G. 
and Sorgeloos, P., 2001. Advancement 
of rotifer culture and manipulation 




Farzanfar, A., 2006. The use of probiotics 
in shrimp aquaculture. FEMS 
Immunology and Medical 






































3031 Sahandi et al., Possible effects of probiotic strains on suppression of Vibrio and enhancement of … 
Felix, N. and Sudharsan, M., 2004. 
Effect of glycine betaine, a feed 
attractant affecting growth and feed 
conversion of juvenile freshwater 
prawn Macrobrachium rosenbergii. 
Aquaculture Nutrition, 10(3), 193-
197.https://doi.org/10.1111/j.1365-
2095.2004.00292.x. 
Georgieva, R., Yocheva, L., Tserovska, 
L., Zhelezova, G., Stefanova, N., 
Atanasova, A., Danguleva, A., 
Ivanova, G., Karapetkov, N., 
Rumyan, N. and Karaivanova, E., 
2015. Antimicrobial activity and 
antibiotic susceptibility of 
Lactobacillus and Bifidobacterium spp. 
intended for use as starter and probiotic 
cultures. Biotechnology and 
Biotechnological Equipment, 29(1), 84-
91. doi: 
10.1080/13102818.2014.987450. 
Ghomi, M.R., Heshmatipour, Z., 
Nazari, R.M., Sohrabnejad, M., 
Zarei, M., Nikoo, M., Ovissipour, M. 
and Esmaeili-Molla, A., 2010. 
Intestinal microflora of Kutum Rutilus 
frisii kutum under dietary 
supplementation with probiotic and 
vitamin C. Bulgarian Journal of 
Agriculture Science, 16(5), 635-642. 
Ghosh, K., Sen, S.K. and Ray, A.K., 
2002. Characterization of Bacillus 
isolated from the gut of Rohu, labeo 
rohita, fingerlings and its significance 
in digestion. Journal of Applied 
Aquaculture, 12(3), 33-42. 
https://doi.org/10.1300/J028v12n03_04. 
Gomez-Gil, B., Herrera-Vega, M.A., 
Aberu-Grobois, F.A. and Roque, A., 
1998. Bioencapsulation of two different 
Vibrio species in nauplii of the brine 
shrimp (Artemia franciscana). Applied 




Guillard, R.R.L., 1975. Culture of 
phytoplankton for feeding marine 
invertebrates. In: Culture of marine 
invertebrate animals, Smith W.L. and 
Chanley M.H. (eds.). Springer, Boston, 
USA: 29-60. 
Helland, S.J., Grisdale-Hellan, B. and 
Nerland, S.M., 1996. A simple method 
for the measurement of daily feed 
intake of groups of fish in tanks. 
Aquaculture, 139(1-2), 157-163. 
https://doi.org/10.1016/0044-
8486(95)01145-5. 
Jafaryan, H., Soltani, M., Noferesti, H. 
and Ebrahimi, P., 2011. Effect of 
adding probiotics into the rearing tanks 
of grass carp (Ctenopharyngodon 
idella) for the exploitation of Artemia 
urmiana, Artemia franciscana and 
Artemia parthenogenetica nauplii. 
Iranian Journal of Veterinary 
Medicine, 5(3), 157-161. 
10.22059/IJVM.2011.23842. 
Jafaryan, H., Sahandi, J. and Jafaryan, 
S., 2014. The study of dietary 
Saccharomyces cerevisiae yeast extract 
supplementation on growth, survival 
and resistance of common carp 
(Cyprinus carpio) larvae against 
challenge test. Journal of Exploitation 
and Aquaculture, 2(4), 129-141, in 
Persian. 
Kibria, G., Nugegoda, D., Farirclough, 
R., Lam, P.K.S. and Bradly, A., 1999. 
Utilization of wastewater-grown 




































Iranian Journal of Fisheries Sciences 19(6) 2020                                       3032 
 
zooplankton and performance of silver 
perch Bidyanus bidyanus (Mitchell, 
1838) (Teraponidae) fed on wastewater-
grown zooplankton. Aquaculture 
Nutrition, 5(4), 221-227. 
https://doi.org/10.1046/j.1365-
2095.1999.00108.x. 
Krebs C.J. 1985. Ecology: the 
experimental analysis of distribution 
and abundance, 3
rd
 edition. Harper and 
Row, New York, USA, 800 P. 
LeaMaster, B.R., Brock, J.A., Fujioka, 
R.S. and Nakamura, R.M., 1990. 
Hematologic and blood chemistry 
values for Sarotherodon melanotheron 
and a red hybrid tilapia in freshwater 
and seawater. Comparative 
Biochemistry and Physiology Par A: 
Physiology, 97(4), 525-529. 
https://doi.org/10.1016/0300-
9629(90)90121-8. 
MacFarlane, G.T. and Cummings, J.H., 
1991. The colonic flora, fermentation 
and large bowel digestive function. In: 
The large intestine physiology, 
pathophysiology and Disease. Phillips 
S.F., Pemberton J.H. and Shorter R. 
(eds), Raven Press, New York, USA: 
51-92. 
Mahious, A.S., Gatesoupe, J., Hervi, M., 
Metailler, R. and Ollevier, F., 2006. 
Effect of dietary inulin and 
oligosaccharides as prebiotics for 
weaning turbot Psetta maxima 
(Linnaeus C. 1758). Aquaculture 
International, 14(3), 219-229. 
https://doi.org/10.1007/s10499-005-
9003-4. 
Moriarty, D.J.W., 1998. Control of 
luminous Vibrio species in penaeid 




Muroga, K., Higashi, M. and Keitoku, 
H., 1987. The isolation of intestinal 
microflora of farmed red seabream 
(Pagrus major) and black seabream 
(Acanthopagrus schlegeli) at larval and 
juvenile stages. Aquaculture, 65(1), 79-
88. https://doi.org/10.1016/0044-
8486(87)90272-9. 
Ota, Y. and Yamada, K., 1966. Lipase 
from Candida paralipolytica, Part I. 
Anionic surfactants as the essential 
activator in the systems emulsified by 
polyvinyl alcohol. Agricultural and 
Biological Chemistry, 30(4), 351-358. 
https://doi.org/10.1080/00021369.1966.
10858605. 
Planas, M., Vázquez, J.A., Marqués, J., 
Pérez-Lomba, R., González, M.P. and 
Murado, M., 2004. Enhancement of 
rotifer (Brachionus plicatilis) growth by 
using terrestrial lactic acid bacteria. 
Aquaculture, 240(1-4), 313-329. 
https://doi.org/10.1016/j.aquaculture.20
04.07.016. 
Randall, E.L., 1974. Improved method for 
fat and oil analysis by a new process of 
extraction. Journal of AOAC 
International, 57(5), 1165-1168. 
Ringo, E. and Birkbeck, T.H., 1999. 
Intestinal microflora of fish larvae and 
fry. Aquaculture Research, 30(2), 73-
93.https://doi.org/10.1016/j.aquaculture
.2003.05.001. 
Sahandi, J. and Jafaryan H., 2011. 
Rotifer (Brachionus plicatilis) culture 




































3033 Sahandi et al., Possible effects of probiotic strains on suppression of Vibrio and enhancement of … 
algae (Nannochloropsis oculata) and 
bakery yeast (Saccharomyces 
cerevisiae). Aquaculture, Aquarium, 
Conservation and Legislation (AACL), 
International Journal of the Bioflux 
Society, 4(4), 526-529.  
Sahandi, J., Jafaryan, H., Roozbehfar, 
R., Babaei, S. and Dehestani, M., 
2012. The use of two enrichment forms 
(Brachionus plicatilis enrichment and 
rearing water enrichment) with 
probiotic bacilli spore on growth and 
survival of Silver carp 
(Hypophthalmichthys molitrix). Iranian 
Journal of Veterinary Research, 13)4), 
289-295.  
Sahandi, J., Jafaryan, H., Moradi, P. 
and Tadiri, C., 2013. Effect of in-feed 
probiotic blend on growth performance 
and infection resistance of the guppy 
(Poecilia reticulata). Bulgarian Journal 
of Veterinary Medicine, 16(4), 243-250.  
Sahandi, J., Sorgeloos, P., Xiao, H., 
Wang, X., Qi, Z., Zheng, Y. and 
Tang, X., 2019. The use of selected 
Bacteria and Yeasts to control Vibrio 
spp. in Live Food. Antibiotics 
(Basel),8(3), 95, doi: 
10.3390/antibiotics8030095. 
Sarem-Damedji L.O., Sarem F., 
Marchal L. and Nicolas J.P. 1995. In 
vitro colonization ability of human 
colon mucosa by exogenous 
Lactobacillus strains. FEMS 
Microbiology Letters, 131(2), 133-137. 
https://doi.org/10.1111/j.1574-
6968.1995.tb07767.x. 
Tamaru, C.S., Murashige, R., Lee, C.S., 
Ako, H. and Sato, V., 1993. Rotifers 
fed various diets of baker's yeast and/or 
Nannochloropsis oculata and their 
effect on the growth and survival of 
striped mullet (Mugil cephalus) and 
milkfish (Chanos chanos) larvae. 
Aquaculture, 110(3-4), 361-372. 
https://doi.org/10.1016/0044-
8486(93)90382-9. 
Waché, Y., Auffray, F., Gatesoupe, F.J., 
Zambonino, J., Gayet, V., Labbé, L. 
and Quentel, C., 2006. Cross effects of 
the strain of dietary Saccharomyces 
cerevisiae and rearing conditions on the 
onset of intestinal microbiota and 
digestive enzymes in rainbow trout 
Oncorhynchus mykiss fry. Aquaculture, 
258(1-4), 470-478. 
doi:10.1016/j.aquaculture.2006.04.002. 
Wang, Y. and Xu, Z., 2006. Effect of 
probiotic for common carp (Cyprinus 
carpio) based on growth performance 
and digestive enzymes activities. 
Animal Feed Science and Technology, 
127(3-4), 283-292. doi:  
10.1016/j.anifeedsci.2005.09.003. 
Yu, M., Wang, J., Tang, K., Shi, X., 
Wang, S., Zhu, W.M. and Zhang, 
X.H., 2012. Purification and 
characterization of antibacterial 
compounds of Pseudoalteromonas 
flavipulchra JG1. Microbiology, 158(3), 
835-842. doi:10.1099/mic.0.055970-0. 
Yúfera, M., 2001. Studies on Brachionus 
(Rotifera), an example of interaction 
between fundamental and applied 
research. Hydrobiologia, 446, 383-392. 
doi:10.1023/A:1017583729646.
 
D
ow
nl
oa
de
d 
fr
om
 ji
fr
o.
ir 
at
 1
1:
56
 +
03
30
 o
n 
T
hu
rs
da
y 
D
ec
em
be
r 
3r
d 
20
20
